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ABSTRACT
P a p e r s  d e a l i n g  w i t h  t h e  s u b j e c t  of t r a n s i e n t  m o d u la t io n  and  
p r e s e n t e d  a t  t h e  1 2 th  I n t e r n a t i o n a l  C o n fe re n c e  on Cosmic Rays a re  
r e v i e w e d .
KIVONAT
A 1 2 . N em ze tköz i Kozmikus S u g á r z á s i  K o n f e r e n c i á r a  b e n y ú j t o t t ,  
a  t r a n z i e n s  m o d u lá c ió  té m a k ö ré b e  v ág ó  tudom ányos d o l g o z a t o k  á t t e k i n t é ­
se..
РЕЗЮМЕ
Обзор трудов, занимающихся проблемами транзиентной модуляции, 
и поданных на 12-ую Международную Конференцию по космическим лучам.
1, INTRODUCTION
T h is  i s  a  summary o f  a n d  comments o n  C o n fe re n c e  p a p e r s  d e a l i n g  
w i t h  p ro b le m s  o f  F o rb u sh  d e c r e a s e s  o r  cosm ic  r a y  i n t e n s i t y  v a r i a t i o n s  
due t o  l a r g e  s c a l e  q u a s i  p e r s i s t e n t  a z i m u th a l  asym m etry  i n  t h e  s o l a r  w in d .  
The s e c t i o n  "F o rb u s h  d e c r e a s e s "  / a b b r e v i a t e d  a s  FD i n  w h a t  f o l l o w s /  w i l l  
i n c lu d e  a l l  k in d s  o f  co sm ic  r a y  s to rm s  / n o t  o n ly  t h o s e  b e g i n n in g  w i t h  a  
s h a r p  d e c l i n e / ,  and  t h e  te rm  " a z im u th a l  asym m etry  v a r i a t i o n s "  /AAV/ w i l l  
c o v e r  i n  p a r t i c u l a r  t h e  27 day v a r i a t i o n  a n d  o t h e r  r e c u r r e n t  v a r i a t i o n s  
w i t h  a  t im e  s c a l e  more t h a n  a  few  days and  l e s s  th a n  a  few  m onths .
The number o f  p a p e r s  may b e  r e a d  i n  T a b le  1 t o g e t h e r  w i t h  t h e  
a n a lo g o u s  f i g u r e s  r e l a t i n g  t o  t h e  B u d ap es t  C o n f e r e n c e .
T a b l e  1.
The number of .  p a p e r s  p r e s e n t e d  on " T r a n s i e n t  M o d u l a t i o n "
T o p ic s B u d a p e s t ,  1969 H o b a r t ,  1971
M ainly  FD 7 15
M ainly  AAV 5 6
Very s h o r t  te rm  v a r i a t i o n s 5 -
W hereas t h e r e  i s  a  c o n s p ic u o u s  g r o w th  o f  t h e  n um ber  o f  p a p e r s  
i n  t h e  f i e l d  o f  FD d u r i n g  t h e  l a s t  tw o y e a r s  l e a d i n g  t o  a  b e t t e r  u n d e r ­
s t a n d i n g  o f  t h e  p r o c e s s e s  i n v o l v e d ,  t h e r e  i s  n o  l a r g e  d ev e lo p m e n t  i n  
t h e  f i e l d  o f  AAV and  i t  i s  r e g r e t t a b l e  t h a t  n o  p a p e r  h a s  b e e n  p r e s e n t e d  
on v e ry  s h o r t  t im e  v a r i a t i o n s ,  i . e .  w i t h  t i m e  s c a l e s  l e s s  t h a n  a  few  
h o u r s ,  a  f i e l d  w hich  may c o n t r i b u t e  much t o  g e t  i n s i g h t  i n t o  s m a l l  s c a l e  
i r r e g u l a r i t i e s  o f  t h e  s o l a r  w ind  a n d / o r  t h e  m a g n e to s p h e r e .
22 ,  FORBUSH D E C R E A S E S
2 .1  M orphology
C la s s  i f  i c a t i o n s  o f  FDs w ere  i n t r o d u c e d  in d e p e n d e n t l y  by B a c h e l e t  
a n d  S ands tröm  [1] who d i s t i n g u i s h e d  f o u r  and  f i v e  g roups o f  FDs, r e s p e c ­
t i v e l y .
A l e s s  d e t a i l e d  b u t  p h y s i c a l l y  w e l l  f o u n d e d  g r o u p in g  i s  g iv e n  
i n  MOD-45 by V e r s c h e l l  a n d  a l .  A c c o rd in g  t o  t h e i r  c l a s s i f i c a t i o n  t h e r e  
a r e  two ty p e s  o f  FDs. A Type I  d e c r e a s e  shows a  s h a r p  d e c l i n e ,  has u s u ­
a l l y  an  a m p l i t u d e  £-5  p e r  c e n t  a n d  i s  i n i t i a t e d  by a  s o l a r  f l a r e .  
C h a r a c t e r i s t i c  f o r  Type I  d e c r e a s e s  i s  t h e  l a g  o f  t h e  r e c o v e r y  o f  low 
e n e r g y  p a r t i c l e s  b e h in d  t h o s e  o f  h i g h e r  e n e r g i e s .  A t y p i c a l  exam ple o f  
a  T ype  I» d e c r e a s e  i s  g i v e n  i n  F i g .  1 ,  where t h e  r e l a t i v e  c o u n t in g  r a t e  
o f  t h e  a i r  b o r n e  New York U n i v e r s i t y  n e u t r o n  m o n i t o r  /m ean  en e rg y  o f  
p r i m a r i e s  b e tw e e n  1 and  2 GeV/ п /  i s  p l o t t e d  a g a i n s t  th e  r e l a t i v e  c o u n t ­
i n g  r a t e  o f  t h e  Inuw ik  n e u t r o n  m o n i to r  /m ean e n e r g y  o f  p r i m a r i e s  b e tw e e n  
10 a n d  15 GeV/ п / .  A Type I I .  d e c r e a s e  h as  a  g r a d u a l  o n s e t ,  a n  a m p l i tu d e  
u s u a l l y  l e s s  t h a n  5 p e r  c e n t ,  i s  n o t  a s s o c i a t e d  w i t h  a  s o l a r  f l a r e ,  a n d
о
Fi g .  1 F i g .  2
R e g r e s s i o n  c u r v e ,  t yp e  I .  FD. , Mar. R e g r e s s i o n  c u r v e , t y p e  I I .  FD, J u l y
2 4 ,  1969.  ( P a p e r  MOD 45)  14i  1969.  (Paper  MOD 45)
P o s i t i v e  numbers  a l o n g  t he  r e g r e s s i o n  l i n e s  m a v e a v e  a a y s  a f t e r  t h e  
b e g i n n i n g  o f  the  FD, n e g a t i v e  numbers  i n d i c a t e  days  b e f o r e  the  FD.
-  3  -
t h e  s p e e d  o f  r e c o v e r y  does  n o t  d e p e n d  on e n e r g y ,  a t  l e a s t  i n  t h e  i n t e r v a l  
1 -1 0  GeV/n. / F i g . 2 . / I
I t  seems t o  be  a p p r o p r i a t e  t o  m e n t io n  h e re  t h a t  an  i n t e r e s t i n g  
d e s c r i p t i o n  o f  FDs i n  te rm s  o f  t h e i r  d u r a t i o n  was g iv e n  i n  a  p a p e r  n o t  
p r e s e n t e d  a t  t h i s  C o n fe r e n c e .  B l a n a r i u  a n d  a l .  [2] h a v e  gone t h r o u g h  
th e  n e u t r o n  m o n i to r  d a t a  o b t a i n e d  a t  A l e r t  i n  t h e  y e a r s  1966-67  a n d  have 
p l o t t e d  t h e  d i s t r i b u t i o n  o f  FDs a c c o r d i n g  t o  t h e i r  d u r a t i o n  / F i g .  3 /«
The hystogram m  c l e a r l y  i n d i c a t e s  t h a t  t h e r e  a r e  many s h o r t  t im e  FDs w i th  
d u r a t i o n s  l e s s  th a n  two an d  a  h a l f  d a y s .  S i n c e  th e s e  d e c r e a s e s  h a v e  a  
mean a m p l i tu d e  o f  o n ly  1 ,4  p e r  c e n t ,  th e y  c a n  e a s i l y  p a s s
F i g .  3
The d i s t r i b u t i o n  o f  FDs w i t h  s ha r p  d e c l i n e  a c c o r d i n g  
d u r a t i o n , as  o b s e r v e d  i n  ne u t r on  m o n i t o r  d a t a  o b t a i n e d
a t  A l e r t .  ( Ref .  L 2 j . )
u n d e t e c t e d  a t  s t a t i o n s  w i t h  l a r g e  s o l a r  d a i l y  v a r i a t i o n s .  /T he  A l e r t  
d a t a  show p r a c t i c a l l y  no  s o l a r  d a i l y  v a r i a t i o n . /  The s u g g e s t i o n  p u t  
fo rw a rd  by  t h e  a u t h o r s  t o  d i s t i n g u i s h  two d i s t i n c t  g ro u p s  o f  FDs w i t h  
d u r a t i o n s  l e s s  an d  more th a n  s a y  2 . 5  d a y s ,  r e s p e c t i v e l y ,  needs f u r t h e r  
s u p p o r t  by  o b s e r v a t i o n .  The gap i n  t h e  h y s to g ra m  b e tw e e n  60 a n d  72 
h o u r s ,  a s  i t  i s  a t  p r e s e n t ,  may b e  due t o  s t a t i s t i c a l  f l u c t u a t i o n .
-  4  -
2 .2  A n a ly s i s
2 . 2 . 1  The i n f l u e n c e  o f  t h e  v a r i a t i o n  of th e  g e o m a g n e t ic
c u t o f f
When a n a l y z i n g  FDs i t  i s  v e r y  im p o r t a n t  t o  s e p a r a t e  t h e  d e ­
c r e a s e  due t o  v a r i a t i o n  o f  t h e  g e o m a g n e t ic  c u t o f f  from t h a t  due t o  
o t h e r  / i . e .  i n t e r p l a n e t a r y /  c a u s e s .  An i n t e r e s t i n g  m ethod t o  s o lv e  
t h i s  p ro b lem  was p u t  f o r w a r d  by Dorman and  a l .  i n  p a p e r  MOD-114, b t a r t -  
i n g  w i t h  t h e  r e l a t i v e  i n t e n s i t y  v a r i a t i o n
(SI
I -ŐP. W(PC)
oo+ i (ir) "<->«■
p„
111
w here  P d e n o te s  t h e  c u t o f f  r i g i d i t y ,  W(P) t h e  c o u p l in g  f u n c t i o n  ( d i f -
f e r e n t i a l  r e s p o n s e  f u n c t i o n )  and 6D/D th e  r e l a t i v e  v a r i a t i o n  o f  t h e
d i f f e r e n t i a l  r i g i d i t y  s p e c t r u m .  They h av e  m e a s u re d  th e  v a l u e  o f  6 I / I
a t  t h r e e  d i f f e r e n t  h e i g h t s  above s e a  l e v e l  a t  t h e  s t a t i o n  n e a r  I r k u t s k
d u r i n g  th e  FD w h ic h  to o k  p l a c e  from  5 t o  9 Nov, 1970 . S in c e  W(P ) d e -c
p en d s  on t h e  h e i g h t  o f  o b s e r v a t i o n ,  t h e y  have g o t  t h r e e  e q u a t i o n s  t o  
d e t e r m in e  t h e  v a l u e  of брс , к , a n d  a , w h e re  к a n d  a a re  t h e  
p a r a m e te r s  c h a r a c t e r i z i n g  t h e  d e p en d e n ce  o f  6D/D on P ,  a  f u n c t i o n  
u s u a l l y  w r i t t e n  as
ŐD/D = K .P a /2 /
The v a l u e s  o f  a o b t a i n e d  i n  MOD 114 w ere  -  1 , 2  and  - 1 , 9  on  th e  s e c o n d  
a n d  f i r s t  day L e f o r e  t h e  FD, r e s p e c t i v e l y ,  f u r th e r m o r e  - 3 , 8  and  - 1 , 2  
d u r i n g  th e  r a p i d  d e c l i n e  a n d  th e  r e c o v e r y ,  r e s p e c t i v e l y .  6РС was 
d e t e r m in e d  t o  b e  + 0 ,3  GV a n d  - 0 ,7  GV b e f o r e  a n d  d u r in g  t h e  FD, r e s p e c ­
t i v e l y .  However i n t e r e s t i n g  th e  m ethod  seems t o  b e ,  i t  i s  d i f f i c u l t  t o  
ju d g e  i t s  v a l u e  w i th o u t  a  p r e c i s *  e s t i m a t i o n  o f  t h e  s t a t i s t i c a l  and  
s y s t e m a t i c  e r r o r s  i n v o l v e d .  U n f o r t u n a t e l y  t h e  u n c e r t a i n t i e s  o f  th e  r e ­
s u l t s  w ere n o t  c a l c u l a t e d  by  th e  a u t h o r s .
A s i m i l a r  p ro b le m  h as  b een  d e a l t  w i th  b y  l u c c i  a n d  V i l l o r e s i  
i n  MOD 44 who h a v e  c a l c u l a t e d  th e  i n f l u e n c e  o f  t h e  change o f  t h e  geo ­
m a g n e t ic  f i e l d  upon t h e  g e o m a g n e t ic  c u t o f f  and  h a v e  fo u n d  t h a t  a  ch an g e  
o f  3 0 0 Y in  th e  h o r i z o n t a l  f i e l d  s t r e n g t h  g iv e s  r i s e  to  a  ch an g e  o f  
0 , 5  GV i n  t h e  c u t o f f  a t  m i d l a t i t u d e s .  I t  w ould  h a v e  been  i n t e r e s t i n g  
t o  know what t h e  change  o f  t h e  h o r i z o n t a l  f i e l d  s t r e n g t h  was d u r in g
-  5  -
t h e  p e r i o d  i n v e s t i g a t e d  i n  MOD 114 and  t o  com pare t h e  ch an g e s  o b t a i n e d  
e x p e r i m e n t a l l y  w i t h  t h o s e  w h ich  c o u ld  h av e  b e e n  p r e d i c t e d  on t h e  b a s i s  
o f  MOD 4 4 .
2 . 2 . 2  The r i g i d i t y  s p e c t r u m  o f  FDs
I t  may b e  i n t e r e s t i n g  t o  r e c a l l  t h a t  th e  o b s e r v a t i o n  o f  a  
FD u n d e rg ro u n d  / a t  40  m w . e . /  i n d i c a t i n g  a n  e x t e n s i o n  o r  t n e  mouuj a t i o n  
s p e c t ru m  t o  r i g i d i t i e s  as  h i g h  a s  100 GV was r e p o r t e d  b y  t h e  B u d a p e s t  
g roup  i n  [3] as  e a r l y  as  1958 / F i g . 4 . / .  S i n c e  th e n  many q u a n t i t a t i v e  
d e t e r m i n a t i o n s  o f  t h e  r i g i d i t y  s p e c t ru m  h a v e  b een  made w h ic h ,  h o w ev er ,  
show a  v e r y  l a r g e  v a r i a b i l i t y  w i t h  v a l u e s  o f  t h e  e x p o n e n t  a r a n g in g  
from  z e r o  t o  - 2 .  / F o r  t h e  d e f i n i t i o n  o f  a  s e e  Eq. ( 2 ) / .
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T h i s  p rob lem  h a s  b e e n  g i v e n  
s p e c i a l  a t t e n t i o n  t o  b y  F .  B achel e t  and 
al./M OD 6 6 /  who a r r i v e d  a t  t h e  c o n c l u s i o n  
t h a t  t h e  s p e c t r u m  a v e r a g e d  on many FDs 
shows a  c u r i o u s  sh a p e  w h ic h  c a n n o t  be 
c h a r a c t e r i z e d  by a  s i n g l e  power f u n c t i o n .  
The e x p o n e n t s  p e r t a i n i n g  t o  t h e  v a r i o u s  
r i g i d i t y  i n t e r v a l s ,  a s  o b t a i n e d  i n  MOD 6 6 ,  
a r e  shown i n  T ab le  2 t o g e t h e r  w i t h  t h e  
e x p o n e n ts  o f  t h e  s p e c t r u m  o f  t h e  lo n g  te rm  
/ 1 1  y e a r /  v a r i a t i o n .  I t  i s  i n t e r e s t i n g  t o  
n o t e  t h a t ,  a c c o r d in g  t o  t h e  p a p e r  MOD 66, 
b o t h  s p e c t r a  show a  c o n s i d e r a b l e  f l a t t e n ­
i n g  i n  t h e  r i g i d i t y  r a n g e  5 -12  GV, and  
t h a t  t h e  s p e c t r u m  o f  t h e  FDs f a l l s  o f f ,  
a t  h ig h  e n e r g i e s ,  c o n s i d e r a b l y  s l o w e r  t h a n  
t h a t  o f  t h e  11 y e a r  m o d u l a t i o n ,  w h e reas  a t
The FD on 2 5 . 3 . 1 9 5 8  a s  measured  by  means o f  
( 1 )  IGY n e u t r o n  m o n i t o r  i n  Praha ( 2 )  IGY 
n e u t r o n  m o n i t o r  on t h e  Lomnioky p e a k  (3 
o u b i o a l  muon t e l e s c o p e  i n  Praha ( 4 )  c u b i c a l  
muon t e l e s c o p e  on t h e  Lomnioky P e a k } and 
( f i g u r e  a t  t h e  b o t t o m )  в e m i c u b i c a l  muon 
t e l e s c o p e  40 m w . e .  u nde r gr ound  i n  Bu d a p e s t .  
( Re f .  C3] >.
Fi g .  4
T a b l e  2 .
Val ues  o f  the  e x p o n e n t  - a  p e r t a i n i n g  t o  v a r i o u á  r i g i d i t y  i n t e r v a l s
a c c o r d i n g  t o  p a p e r  M0D66
R i g i d i t y ,  GV FD 11 y e a r  m o d u la tio n
2 - 5 1 .7 1 .7
5 -1 2 0 .6 0 .7
> 12 1 .0 1 .9
r i g i d i t i e s  2 -  12 GV b o t h  s p e c t r a  h av e  s i m i l a r  s h a p e s .  The f l a t t e n i n g  
a r o u n d  5 -  12 GV h a s  g a in e d  a d d i t i o n a l  s u p p o r t  b y  I u c c i  a n d ' a l .  /MOD 
109/  who have d e r i v e d  a = - 0 . 7  on t h e  b a s i s  o f  m u l t i p l i c i t y  m e asu re ­
m ents  i n  n e u t r o n  m o n i t o r s .
A f u r t h e r  c o m p a riso n  o f th e  s p e c t r a  o f  FDs and lo n g  te rm  
v a r i a t i o n  was made in  th e  p a p e r  o f B a ix e r a s - A ig u a b e l l a  /MOD 4 3 /  who 
has a n a ly z e d  t h e  d a ta  o b t a in e d  by th e  OGO-V m o n i to r  s y s te m . The 
a n a l y s i s  was c a r r i e d  o u t s e p a r a t e l y  on d a t a  r e l a t i n g  t o  e l e c t r o n s  ( e n e r ­
g ie s  E > 500 MeV), p ro to n s  (E  >400  MeV) an d  a p a r t i c l e s  (E  > 400 
M eV /n). In  f a c t ,  t h i s  p a p e r  seem s to  b e  -the f i r s t  t o  d e a l  w i th  FDs o f  
e l e c t r o n s  and  t o  s e p a r a t e  FDs o f a p a r t i c l e s  f ro m  th o s e  o f  p r o to n s .  
The s t a t i s t i c a l  e r r o r s  i n v o lv e d  a r e  s t i l l  v e ry  l a r g e ,  and  th u s  no d i f ­
f e r e n c e  c o u ld  b e  fo u n d  b e tw e e n  th e  s p e c t r a  o f  FDs and  lo n g  te rm  v a r i a ­
t i o n  i n  th e  c a s e s  o f  e l e c t r o n s  and  a  p a r t i c l e s .  I n  th e  c a s e  o f  
p r o t o n s ,  w here t h e  s t a t i s t i c a l  u n c e r t a i n t i e s  a r e  much s m a l l e r ,  a  s i g ­
n i f i c a n t  d i f f e r e n c e  was f o u n d ,  th e  FDs show ing  a  f l a t t e r  s p e c tru m  th a n  
th e  lo n g  te rm  v a r i a t i o n ,  a g a i n  in  a g re e m e n t w i th  th e  r e s u l t s  m e n tio n e d  
ab o v e  /MOD 66 a n d  1 0 9 /.
The s p e c t r a l  b e h a v io u r  o f  FDs e n a b le d  R o e lo f  an d  a l .  /MOD 6 3 /  
t o  d raw  c o n c lu s io n  on th e  r i g i d i t y  d ep en d e n ce  o f  X , th e  d i f f u s i o n  mean 
f r e e  p a t h  o f  p r o to n s  a n d  a  p a r t i c l e s .  S t a r t i n g  w ith  t h e  t r a n s p o r t  
e q u a t io n  o f G le e s  on and  A x fo rd  th e y  c o n c lu d e d  t h a t  tim e  in d e p e n d e n c e  
d u r in g  a  FD o f  t h e  r a t i o  o f  th e  c o u n t in g  r a t e s  o f  two d e t e c t o r s  w i th  
d i f f e r e n t  r i g i d i t y  s e n s i t i v i t i e s  i n v o l v e s ,  u n d e r  c e r t a i n  a s s u m p tio n s ,  
t h e  in d e p e n d e n c e  o f  X on r i g i d i t y  i n  th e  r i g i d i t y  i n t e r v a l  s u b te n d e d  
by t h e  two d e t e c t o r s .  As a n  ex am p le , t h e  FD w i t h  an  e x c e p t io n a l ly  lo n g  
r e c o v e r y  d u r in g  th e  p e r i o d  2nd  J u ly  -  25 Sep. 1969 / F i g . 5 /  was a n a ly z e d  
a n d  a  f a i r l y  g o o d  c o n s ta n c y  o f th e  r a t i o  o f t h e  c o u n t in g  r a t e s  o.t t h e
-  7 -
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D a i l y  a v e r a g e s  o f  the  I n u v i k  n e u t r o n  m o n i t o r  / c o n t i n u o u s  c u r v e / ,  
f l i g h t  a v e r a g e s  o f  the  NYU a i r b o r n e  d e t e c t o r  / c i r c l e s / , and t h e  
r a t i o  / г /  o f  t h e  NYU t o  I n u v i k  i n  a r b i t r a r y  u n i t s  / d o t s / . The 
a v e r a g e  r a t i o  / г /  and s t a n d a r d  d e v i a t i o n  / a  /  f o r  t he  p l o t t e d  
p o i n t s  are  shown by e r r o r  b a r s .  / P a p e r  MOD V3 / .
In u v ik  n e u t r o n  m o n i to r  and t h e  New York U n i v e r s i t y  a i r b o r n e  n e u t r o n  m o n i to r  
was f o u n d .  T h is  w o u ld  i n d i c a t e  an  in d e p e n d e n c e  o f  x o f  P i n  t h e  i n t e r v a l  
1 .5  G V £ P £ l 5  GV. T h i s ,  h o w e v e r ,  seems t o  be  s t r a n g e  s i n c e  t h i s  w ou ld  i n ­
v o lv e  t h e  power s p e c t r u m  M(k) o f  t h e  m a g n e t ic  i r r e g u l a r i t i e s  i n  te rm s  o r  
th e  wave number, k ,  t o  be M(k) к~ ^ , w h e reas  o b s e r v a t i o n s  show r a t h e r  
a d ep en d e n ce  M (k )- j  k- ^ .  The a u t h o r s  o f  p a p e r  MOD 63 a r e  i n c l i n e d  t o  
t h i n k  t h a t  p e rh a p s  one o f  t h e  a s s u m p t io n s  made, e s p e c i a l l y  t h a t  r e q u i r ­
ing  t h e  s e p a r a b i l i t y  o f  х ( г ,  P ,  t  ) i n t o  X - ^ r . t ) .  X2 Cp » t ) ,  does  n o t  
h o ld .
I t  would hav e  b een  n i c e  t o  g iv e  a  s t a t i s t i c a l l y  w e l l  f o u n d e d  
upper  l i m i t  of t h e  c o e f f i c i e n t  o f  r e g r e s s i o n  / i n  t i m e /  o f  t h e  r a t i o  
of t h e  c o u n t in g  r a t e s  i n v o l v e d  and  t o  show how l a r g e  v a r i a t i o n s  o f  x
8w i t h  P can  b e  e x c lu d e d  on t h e  b a s i s  o f  t h i s  u p p e r  l i m i t .  W ith o u t  s u c h  
an a n a l y s i s  t h e  c o n c l u s i o n s  drawn seem t o  be o f  a  q u a l i t a t i v e  c h a r a c t e r .
2 . 2 . 3  A n is o t ro p y  d u r in g  FDs
S in c e  t h e  e a r l y  w ork  o f  A.G. F e n to n  a n d  a l .  show ing  t h e  
e x i s t e n c e  o f  N o r th - S o u th  a n i s o t r o p i e s  d u r i n g  FDs [4-] many p a p e r s  have 
d e a l t  w i t h  t h i s  ty p e  o f  a n i s o t r o p y .
The m ethod  g iv e n  i n  [5] an d  a p p l i e d  i n  [6] was d e v e lo p e d  and 
v e r y  e x t e n s i v e l y  a p p l i e d  by t h e  o r i g i n a l  a u t h o r s ,  D uggal a n d  P o m e ra n tz ,  
i n  MOD 4 8 .  The new c o n c l u s i o n s  as  co m p ared  t o  t h o s e  r e a c h e d  i n  [6] ai 'e 
t h e  f o l l o w i n g :
a /  A more th o r o u g h  a n a l y s i s  h a s  shown t h a t  90 p e r  c e n t  o f  a l l  
FDs show  N o r th - S o u th  a n i s o t r o p i e s .
Ъ / T h e re  were s e v e r a l  c a s e s  t h e  N-S a n i s o t r o p y  was o f  a  v ery  
lo n g  d u r a t i o n  / a  week o r  m o r e / .  An exam ple  i s  shown i n  F i g . 6 .
с /  S e v e r a l  c a s e s  w e re  o b s e r v e d  when th e  a n i s o t r o p y  ch an g ed  
i t s  d i r e c t i o n .  A b r i l l i a n t  exam ple  o f  t h i s  phenomenon i s  shown i n  F i g . 7•
A c c o rd in g  t o  t h e  th e o ry  
d e v e lo p e d  i n  [51 t h e  r e l a t i v e  c h a n g e  
o f  i n t e n s i t y ,  d l / I ,  a s  o b s e rv e d  a t  
s t a t i o n s  w i t h  v a r i o u s  " e f f e c t i v e  
l a t i t u d e s " ,  Xх  / d e f i n e d  i n  p a p e r  
[5 ] / ,  s h o u ld  be  a  l i n e a r  f u n c t i o n  
o f  s i n  Xх . T h i s  was o b s e r v e d  i n  a  
l a r g e  f r a c t i o n  o f  t h e  c a s e s  / s e e  
e . g .  F i g . 8 / ,  b u t  t h e r e  w ere  s e v e r a l  
c a s e s ,  when t h e  d l / I  v a l u e s  showed 
no  te n d e n c y  a t  a l l  t o  b e  a r r a n g e d  
a lo n g  a  s t r a i g h t  l i n e  when p l o t t e d  
a s  a  f u n c t i o n  o f  s i n  Xх . These 
l a t t e r  c a s e s  d e s e r v e  t h u s  s p e c i a l  
i n t e r e s t .
A n o th e r  p a p e r  /MOD 4 7 /  was 
p r e s e n t e d  by M erce r  a n d  a l .  m o s t ly  
a lo n g  t h e  same l i n e s .  They have 
f o u n d  t h a t  a l l  FDs show a n i s o t r o p i e s
F i g .  6
Compar i son o f  t h e  n u o l e o n i o  i n t e n ­
s i t y  d e v i a t i o n s  r e c o r d e d  a t  a p a i r  
o f  n o r t h e r n  and a p a i r  o f  s o u t h e r n  
s t a t i o n s  in J u l y j  1 9 6 8 . / P a p e r  MOD
-  9  -
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O b s e r v a t i o n  o f  phase  i n v e r s i o n  e v e n t  i n  which t h e  d i r e c t i o n  
o f  the.  No r t h - S o u t h  asymmet r y  r e v e r s e d  a b r u p t l y . / P a p e r  MOD 4 8 /
AI / I  p l o t t e d  as  a f u n c t i o n  o f  s i n ) * d u r i n g  10-12 J u l y ,  1968.  
An example  o f  a good f i t  o f  p o i n t s  t o  a s t r a i g h t  l i n e  There  
are  o t h e r  c a s e s , when t h e  f i t t i n g  t o  a s t r a i g h t  l i n e  i s  n o t  
p o s s i b l e .  / P a p e r  MOD 4 8 . /
-  10  -
i n  th e  b e g in n in g  p h asq  an d  more th a n  43 p e r  c e n t  of t h e  FDs show 
a n i s o t r o p i e s  d u r in g  t h e  w ho le  p e r i o d  o f  d e p r e s s i o n .  I t  i s  i n t e r e s t i n g  
t o  n o te  t h a t  t h e  a u t h o r s  of p a p e r  MOD 47 have  fo u n d  a  N-S a n i s o t r o p y  
a l s o  d u r in g  q u i e t  d a y s .  I n  f a c t  some 35 p e r  c e n t  o f  t h e  q u i e t  days 
i n v e s t i g a t e d  by them showed a  N-S a n i s o t r o p y ,  most o f  them w i t h  a  
r e l a t i v e  a m p l i tu d e  o f  0 . 5  t o  0 .7  p e r  c e n t .
I n  a  t a l k  g iv e n  a t  t h e  s e s s i o n  o f  most r e c e n t  r e s u l t s  [7] i t  
has  b e e n  p o i n t e d  o u t  by Somogyi t h a t  a c o n s i d e r a b l e  f r a c t i o n  o f  t h e  
q u i e t  t im e  N-S a n i s o t r o p y  can  be e x p l a i n e d  by t h e  f a c t  t h a t  t h e  equa­
t o r i a l  p l a n e  i s  i n c l i n e d  by 2 3 .5  d e g re e s  t o  t h e  p l a n e  o f  t h e  e c l i p t i c .  
T h is  i n c l i n a t i o n  g iv e s  r i s e  t o  o t h e r  i n t e r e s t i n g  e f f e c t s  / h a l f  y e a r l y  
v a r i a t i o n  o f  t h e  a m p l i tu d e  o f  t h e  s o l a r  d a i l y  v a r i a t i o n ,  y e a r l y  wave 
i n  t h e  i n t e n s i t y /  as  w e l l .
I t  has b e e n  known f o r  a  lo n g  t im e  t h a t  t h e  s o l a r  d a i l y  v a r i a ­
t i o n  i s  l i k e l y  t o  show an  en h an ced  a m p l i tu d e  d u r in g  FDs w i t h  a  p h ase  
g e n e r a l l y  d i f f e r e n t  f rom  t h a t  o b s e rv e d  d u r i n g  q u i e t  t i m e s .  Enhanced  
a m p l i tu d e s  d u r in g  FDs may be o b s e rv e d  a t  e n e r g i e s  as  l a r g e  as  1011 eV 
as  . i s  shown i n  t h e  b o t to m  f i g u r e  i n  F i g . 4 r e p r e s e n t i n g  one o f  t h e  
e a r l i e s t  o b s e r v a t i o n s  a t  t h e s e  e n e r g i e s .
Razdan and  B em alkheddar /MOD 4 2 /  a n a l y z i n g  d a t a  o b t a i n e d  a t  
15 s t a t i o n s  d u r in g  1965-1967  have fo u n d  s e v e n  c a s e s  i n  w h ich  enh an ced  
s o l a r  d a i l y  v a r i a t i o n  to o k  p l a c e  d u r in g  t h e  r e c o v e r y  p h a s e  o f  a  FD.
T hree  o f  t h e s e  c a s e s  may be s e e n  i n  F i g . 9 .  The a m p l i tu d e s  r a n g e d  from
0 ,6 7  t o  0 ,9 5  P e r  c e n t  and th e  
p h a s e s  w ere  g ro u p e d  a ro u n d  th e  
m orn ing  h o u rs  / 8 - 1 0  h o u rs  a .m . / .
The r i g i d i t y  s p e c t ru m  o f  t h e  
a m p l i tu d e  c o u l d  be  b e s t  f i t t e d  
by a  c o n s t a n t  v a l u e  / i . e .  w i th  
an  e x p o n e n t  у = 0 / .  Whereas v a r i ­
ous g e o m a g n e t ic  and  s o l a r  p h e ­
nomena c o n n e c te d  w i th  t h e s e  anom­
a lo u s  a n i s o t r o p i e s  were s t u d i e d  
i n  d e t a i l ,  no a t t e m p t  was made t o  
b u i l d  a  p i c t u r e  a s  t o  t h e  mech­
an ism  o f  t h e  p r o d u c t i o n  o f  th e  
an o m a ly .
Q u ie t  t im e  enh an ced  
a n i s o t r o p i e s  w ere s t u d i e d  by A nanth  
and a l .  /MOD 3 2 /  i n  t h e  w o r ld  wide
Deep R i v e r  ne ut r on  m o n i t o r  i n t e n s i t y  
d u r i n g  t h r e e  FDs w i t h  enhanced  s o l a r  
d a i l y  v a r i a t i o n s  / P a p e r  MOD 4 2 / .
-  11
g r i d  o f  n e u t r o n  m o n i to r s  i n  t h e  y e a r s  1965-69« F o u r  c a s e s  w i t h  a m p l i tu d e s  
r a n g in g  from  0 .8 9  t o  1 .1 7  p e r  c e n t  and  w i th  maxima b e tw e e n  1 9 »2 an d  1 9 ,8  
h o u rs  w ere  f o u n d .  The p r o f i l e s  o f  t h e s e  e v e n t s  may be a e o n  i n  t h e  u p p e r  
p a r t  o f  F i g . 1 0 .  The r i g i d i t y  s p e c t ru m  a g a i n  showed in d e p e n d e n c e  o f  r i g i d ­
i t y .  The a u t h o r s  i n t e r p r e t  t h e s e  
e v e n t s  a s  c o n s e q u e n c e s  o f  e x t r a
i
s t r e a m s  o r  s i n k s  a l o n g  th e  g a rd e n  
h o se  f i e l d  l i n e s  i n  t h e  d i r e c t i o n  
to w a rd s  o r  from  t h e  s u n ,  r e s p e c ­
t i v e l y .  I t  i s  i n t e r e s t i n g  t o  n o te  
t h e  d i f f e r e n c e ,  a lm o s t  12 h o u r s ,  
o f  t h e  t im e  o f  maxima i n  t h e  c a s e s  
o f  FD an d  q u i e t  t im e  e v e n t s .
2 . 2 . 4  P r e - i n c r e a s e s  b e f o r e  
FDs
Dorman an d  a l . /MOD 5 1 /  
have  c o n t i n u e d  t h e i r  i n t e r e s t i n g  
work w h ich  th e y  have  r e p o r t e d  on 
a l r e a d y  a t  t h e  B u d a p e s t  C o n fe re n c e .  
I n  a c c o rd a n c e  w i t h  Razdan and  
B em alkhedda r  /MOD 4 2 /  th e y  have 
fo u n d  t h a t  FDs a r e  m a in ly  p ro d u c e d  
by s o l a r  f l a r e s  a t  t h e  e a s t e r n  
l im b .  They have a l s o  fo u n d  t h a t  t h e  
a m p l i tu d e  o f  t h e  p r e - i n c r e a s e  i s  
p r o p o r t i o n a l  t o  t h a t  o f  t h e  FD an d  
b o t h  i n c r e a s e  w i t h  t h e  h e l i o l a t i t u d e  
o f  t h e  f l a r e  p r o d u c in g  them . On th e  
b a s i s  o f  t h e  d u ly  c o r r e c t e d  t im e  l a g
Fi g.  10
Four e v e n t s  showing enhanced  s o l a r  
d a i l y  V a r i a t i o n s  d u r i n g  q u i e t  days  
/ t o p  f o u r  c u r v e s / . / P a p e r  MOD 3 2 / .
be tw een  t h e  o n s e t  o f  t h e  s o l a r  f l a r e  and  t h e  p r e - i n c r e a s e  t h e  p l a c e  o f  
p r o d u c t i o n  o f  t h e  s h o c k  wave can  be l o c a t e d .
2 .5  S y n th e s  i s
A few o f  t h e  p a p e r s  d e a l t  w i t h  above  / e . g .  MOD 5 2 ,  4 2 ,  6 5 ,  e t c /  
have a t t e m p t e d  t o  f i t  t h e o r i e s  o r  a t  l e a s t  p u t  f o r w a r d  s p e c i a l  assum p­
t i o n s  t o  g iv e  a b e t t e r  u n d e r s t a n d i n g  o f  t h e  r e s u l t s  o f  t h e  a n a l y s i s  r e ­
p o r t e d  on i n  t h e  p a p e r  i t s e l f .  There  i s ,  h o w e v e r ,  o n ly  one p a p e r  /Q uenby , 
MOD 5 0 /  p r e s e n t e d  w h ich  aims a t  a  r e f in e m e n t  o f  o u r  b a s i c  c o n c e p ts  on 
FDs. I n  t h i s  e x c e l l e n t  p a p e r  MOD 5 0 , a s y s t e m a t i c  an d  q u a n t i t a t i v e  c o n ­
f r o n t a t i o n  o f  t h e  t h e o r i e s  o f  FD w i th  t h e  b a s i c  f e a t u r e s  o f  t h e  FD has  been
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made. The t h e o r i e s  in v o k e d  w ere a /  t h e  p e r t u r b a t i o n  o f  t h e  b a s i c  m odula­
t i o n  p r o c e s s  b /  t h e  s h o c k  wave th e o r y  с /  t h e  th e o r y  o f  t h e  m a g n e tic  
to n g u e  w i th  t a n g e n t i a l  d i s c o n t i n u i t y .
a /  The p e r t u r b a t i o n  o f  t h e  b a s i c  m o d u la t io n  p r o c e s s  l e a d s  t o  
an  a d d i t i o n a l  d e c r e a s e  by a  f a c t o r  o f  e x p ( - 0 .1 2  P  ^ g . 6R) » where 
P s t a n d s  f o r  p a r t i c l e  r i g i d i t y  i n  GV, g i s  t h e  en hancem en t f a c t o r
p
o f  th e  p a r a m e te r  w /К  w i t h  w b e i n g  t h e  s o l a r  w ind  v e l o c i t y  and  К
th e  c o e f f i c i e n t  o f  d i f f u s i o n  p a r a l l e l  t o  t h e  f i e l d  l i n e s ,  a n d  R. = 1
2+ №  i s  t h e  d i s t a n c e  i n  a s t r o n o m i c a l  u n i t s  f o r  w h ich  w /К  i s
en h an ced  by th e  f a c t o r  o f  ß .
T h is  model can  a c c o u n t  f o r  a  d e c r e a s e  a s  l a r g e  as  6 p e r  c e n t  
i n  n e u t r o n  m o n i to r  i n t e n s i t i e s  d e v e lo p in g  d u r in g  some d a y 3 , i s ,  
how ever ,  u n a b le  t o  e x p l a i n  any s u d d en  d e c r e a s e ,  l i k e  1 ,5  p e r  c e n t  i n  2 
h o u r s .
Ъ / The maximum d e c r e a s e  w hich  may be p ro d u c e d  by a  sh o c k  wave 
has  b e e n  c a l c u l a t e d  t o  be
An _ 4w j . _ \
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w here v i s  t h e  p a r t i c l e  v e l o c i t y ,  O' i s  t h e  a n g l e  o f  t h e  f i e l d  l i n e s  
t o  t h e  r a d i a l  d i r e c t i o n  i n s i d e  o f  th e  s h o c k  w ave , BQ an d  В a r e  th e  
m a g n e tic  f i e l d  o u t s i d e  and  i n s i d e  o f  t h e  s h o c k  w ave, r e s p e c t i v e l y .  Di­
r e c t  o b s e r v a t i o n s  o f  w show t h a t  a l t h o u g h  t h e  s h a r p  d ro p  o f  th e  
i n t e n s i t y  may w e l l  be  u n d e r s to o d  i n  te rm s  o f  t h i s  t h e o r y ,  t o o  l a r g e  
v a lu e s  o f  O' / i . e .  O' «■ 9 0 ° /  w ould  be r e q u i r e d  t o  e x p l a i n  FDs w i th  
a m p l i tu d e s  o f  a b o u t  10 p e r  c e n t .  I n  t h e  с а з е  i n d i c a t e d  i n  F i g . 11 . t h e  
p o s i t i o n  o f  t h e  s h o c k  f r o n t  was d e t e r m in e d  by means o f  v a r i o u s  
s p a c e c r a f t s .  The o r i e n t a t i o n  o f  t h e  s h o c k  n e a r  t h e  e a r t h  as  d e te rm in e d  
by HE03 y i e l d s  O' «  64° w h ich  c a n n o t  e x p l a i n  a  FD l a r g e r  t h a n  0 .7  p e r  
c e n t .  The s h o c k  p o s i t i o n  a t  P i o n e e r  9 w i t h  O' 81° g iv e s  a l s o  r i s e  t o  
a  low v a l u e  o f  a  FD, i . e .  2 p e r  c e n t .
с /  M agne tic  to n g u e s  / d o u b l e  s h o c k  w a v e s /  w i t h  l a r g e  s c a l e  
t a n g e n t i a l  d i s c o n t i n u i t i e s  can  in v o lv e  d e c r e a s e s  as  l a r g e  as
-  13 -
PIONEER 9
Fi g .  11
P o s i t i o n s  o f  shook f r o n t e  ав s e e n  a t  P i o n e e r s  8 and  
9,  and HEOS А- l  on 26 Feb 1969.  / P a p e r  MOD 5 0 / .
w here vd Q and v d s t a n d  f o r  t h e  d r i f t  v e l o c i t i e s  o u t s i d e  and  i n s i d e
o f  t h e  s h o c k ,  r e s p e c t i v e l y .  S in c e  v ,  / v ,  may be  as  low as  30 p e r  c e n t , 'a , o  u
PDs as  l a r g e  as 7 0  p e r  c e n t  may be  a c c o u n te d  f ó r  i n  te rm s  o f  t a n g e n t i a l  
d i s c o n t i n u i t i e s  s t r e t c h i n g  a lo n g  a  s u b s t a n t i a l  p a r t  o f  t h e  s u r f a c e  o f  a 
s p h e r e  a ro u n d  t h e  s u n .  The e x i s t e n c e  o f  a  t a n g e n t i a l  d i s c o n t i n u i t y  i s  
made v e ry  p r o b a b le  by o b s e r v a t i o n  o f  t h e  m a g n e t ic  f i e l d  com ponents  c a r r i e d  
o u t  on P io n e e r s  8 and  9* /S e e  t h e  d e c r e a s e  o f  В an d  t h e  change  o f  s i g n  
o f  9 a t  a b o u t  7 a .m .  i n  F i g . 1 2 . /
The a u t h o r  c o n c lu d e s  t h a t  t h e  i n i t i a l  c a u s e  o f  l a r g e  d e c r e a s e s  
i s  mechanism с /  (m a g n e t ic  b o t t l e s  w i th  t a n g e n t i a l  d i s c o n t i n u i t i e s )  an d  
th e  l a t e r  s t a g e s  o f  t h e  e v e n t s  may be c o n t r o l l e d  by m echanism  a /  ( p e r t u r ­
b a t i o n  o f  t h e  lo n g  te rm  m o d u l a t i o n ) .
A mechanism g i v i n g  r i s e  t o  e n h a n c e d  a n i s o t r o p i e s  i s  a l s o  d e a l t  
w i th  i n  MOD 50 .
3,- AVV,  I . E .  V A R I A T I O N S  DUE TO LARGE S CAL E AZIMUTHAL A S Y M M E T R IE S  OF THE SOLAR 
WIND
Long l i v e d  a c t i v e  c e n t r e s  on th e  s u n  may p ro d u c e  a z im u th a l  
a sy m m e tr ie s  i n  t h e  s o l a r  w ind  p e r s i s t e n t  t h r o u g h  s e v e r a l  s o l a r  r o t a t i o n s .
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/ В / 3 Q3 and 0 v a l u e s  o f  t he  i n t e r p l a n e t a r y  f i e l d  / s o l a r  
e c l i p t i c  c o o r d i n a t e s /  f rom P i o n e e r s  8 and 93 and HEOS 
А- l  s h i f t e d  i n  t i me  so t h a t  t he  shock  o n s e t  c o i n c i d e s  on 
each graph.  / P a p e r  MOD 5 0 / .
Tne e x i s t e n c e  o f  s u c h  c e n t r e s  and  t h e  c o r r e l a t i o n  o f  t h e i r  p a s s a g e  
th r o u g h  th e  c e n t r a l  m e r i d i a n ,  w i th  d e c r e a s e s  o f  t h e  Deep R i v e r  n e u t r o n  
m o n i to r  i n t e n s i t y  d a t a  was c l e a r l y  d e m o n s t r a t e d  by A n to n u c c i  a n d  a l .
/MOD 2 7 /
The e f f e c t  o f  a c t i v e  s o l a r  c e n t r e s  may b e  o b s e r v e d  a t  e n e r g i e s  
as  h ig h  as a b o u t  100 GeV by means o f  u n d e rg ro u n d  t e l e s c o p e s  l i k e  t h a t  
a t  t h e  S t a t i o n  Monte d e i  C a p p u c c in i  a t  a  d e p th  o f  70m w . e . /A n to n u c c i  
and  a l . ,  MOD 2 8 / .  The d a t a  o b ta in e d  a t  t h i s  s t a t i o n  was com pared  w i th  
t h o s e  o f  H o b a r t  /4 0  m w . e . / .  The H o b ar t  d a t a  show a  much l e s s  p ro n o u n c e d  
r e s p o n s e  t o  t h e  s o l a r  evenus  which may p e rh a p s  b e  e x p l a i n e d  by t h e  
e x c e ss  o f  a c t i v i t y  o f  t h e  n o r t h e r n  s o l a r  h e m is p h e re  as  com pared  t o  t h e  
s o u t h e r n  one .  T h is  i s  a l s o  r e f l e c t e d  i n  t h e  p r e s e n c e  o f  a  27 day wave 
i n  t h e  Monte d e i  C a p p u c c in i  d a t a  o b t a i n e d  b e tw ee n  Sep, 1969 and  May 1970» 
and  th e  a b se n c e  o f  a  s i m i l a r  wave i n  t h e  H o b a r t  d a t a  o b t a i n e d  d u r in g  t h e
same p e r i o d .  For an  e a r l y  m easurem ent o f  t h e  27 day wave a t  ab o u t  100 
GeV s e e  [ 8 ] .
The p r e s e n c e  o f  a  N o r th - S o u th  a n i s o t r o p y  a t  s u c h  h ig h  e n e r g i e s  
i s  th e  m ost re m a rk a b le  f e a t u r e  o f  t h e s e  phenom ena. From t h i s  p o i n t  o f  
v iew  i t  i s  o f  g r e a t  im p o r ta n c e  t h a t  a  new u n d e rg ro u n d  s t a t i o n  w i l l  be 
p u t  i n t o  o p e r a t i o n  a t  Mawson, A n t a r c t i c a ,  y i e l d i n g ,  among o t h e r s ,  t h e  
p o s s i b i l i t y  t o  s tu d y  th e  h ig h - e n e r g y  n o r t h - s o u t h  asym m etry  t o  a  g r e a t e r  
p r e c i s i o n .
A 3 tudy  o f  t h e  s p e c t r a l  c o m p o s i t io n  of t h e  Deep R iv e r  n e u t r o n  
m o n i to r  v a r i a t i o n s  i n  t h e  f r e q u e n c y  ra n g e  0 .0 5  “  0 .5  c y c l e s / d a y  was 
c a r r i e d  o u t  by R u th b e rg  /MOD 5 3 /  f o r  e a c h  y e a r  s e p a r a t e l y  from  1958 t o  
1969 . A p e a k  c o r r e s p o n d in g  t o  t h e  27 day p e r i o d  was v i s i b l e  on a l l *  
g ra p h s  e x c e p t  of t h o s e  c o r r e s p o n d in g  t o  t h e  y e a r s  1961 a n d  1964. /S e e  
F ig .  1 3 / .  The s h a p e  o f  th e  b a c k g ro u n d  was a  pbw er f u n c t i o n  w i th  an 
e x p o n en t  - 1 , 5 .
Normal i zed,  powe r  s p e c t r a  o f  the  g a l a c t i c  c o s mi c  r a y  i n t e n s i t y  
/ De e p  R i v e r  n e u t r o n  m o n i t o r  d a t a / , 1958-1961К The s joea t ra  are  
p l o t t e d  i n  l o g - l o g  s c a l e .  / P a p e r  MOD S 3 / .
I t  i s  i n t e r e s t i n g  t o  compare t h i s  r e s u l t  w i t h  t h o s e  o f  M a r t i n i é  
/MOD 6 0 / a /  who h a s  fo u n d  e x p o n e n ts  o f  th e  pow er s p e c t ru m  d e n s i t y  f u n c ­
t i o n  v a r y in g  f r o m - 1 .3  t o  - 2 . 0  and  has fo u n d  no s i g n i f i c a n t  p eak  c o r r e s p o n d ­
in g  t o  a  27 day v a r i a t i o n  i n  th e  Deep R iv e r  n e u t r o n  m o n i to r  d a t a  i n  t h e  
y e a r  1967 . / F i g s .  14 and 1 5 / .
<>ne i s  i n c l i n e d  t o  t h i n k  t h a t  t h e  d iv e rg e n c e  o f  t h e  r e s u l t s  as
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Fii7. 14
Pouter s p e n t  rum o f  c o s mi c  ray  i n t e n ­
s i t y  f rom d a t a  r e c o r d e d  a t  Deep R i v e r .  
Frequency  range 0 . 0 1 - 1  c y c l e s / d a y .  
/ P a p e r  MOD 6 0 a / .
F i g . 15
Power s p e c t r u m  o f  c o s m i c  r ay  i n t e n ­
s i t y  f rom d a t a  r e c o r d e d  a t  Deep R i v e r .  
Frequency  range  0 . 1 2 - 1 2  ay a l e e / d a y .  
/ P a p e r  MOD 6 0 a / .
t o  t h e  e x i s t e n c e  o f  a  27 day wave i n  t h e  Deep R iv e r  d a t a  i n  1967 m igh t 
be due to  t h e  methods o f  a n a l y s i s  em ployed . I n  f a c t ,  t h e  pow er s p e c t ru m  
a n a l y s i s ,  how ever good i n s i g h t  i t  m ight g iv e  a s  t o  t h e  g e n e r a l  s p e c t r a l  
c o m p o s i t io n  o f  a  t im e  s e r i e s ,  i s  d i f f i c u l t  t o  i n t e r p r e t  when th e  p rob lem  
c o n s i s t s  o f  d e t e r m in in g  t h e  v a lu e s  o f  c e r t a i n  p a r a m e t e r s ,  l i k e  th e  a m p l i ­
tu d e  o f  a  s u s p e c t e d  27 day wave. The p r o o f  o f  t h e  e x i s t e n c e  o f  a  wave 
c a n n o t  be  done o th e rw is e  t h a n  by p r o v in g  t h a t  i t s  e s t i m a t e d  a m p l i tu d e  i s  
s i g n i f i c a n t l y  d i f f e r e n t  f ro m  z e r o  and  t o  do t h i s  i t  i s  i n e v i t a b l e  t o  have 
a c o r r e c t  q u a n t i t a t i v e  e s t i m a t e  o f  th e  a m p l i tu d e  t o g e t h e r  w i th  an e s t i ­
mate o f  t h e  s t a t i s t i c a l  u n c e r t a i n t y  o f  t h e  e s t i m a t e d  a m p l i t u d e .
In  p a p e r  MOD S t  an  a t t e m p t  i s  made by A la n iy a  t o  d e te r m in e  th e
-  17 -
27 day v a r i a t i o n  o f  t h e  a m p l i tu d e  o f  t h e  s o l a r  d a i l y  v a r i a t i o n  b a s e d  on 
Chree d ia g ra m s  c o n s t r u c t e d  on t h e  b a s i s  o f  o b s e r v a t i o n s  c a r r i e d  ou t  by 
means o f  s i x  n e u t r o n  m o n i to r s  d u r in g  J u ly  1957 -  F e b ru a ry  1958» The 
e x i s t e n c e  o f  th e  27 day wave i n  q u e s t i o n  was made v e ry  p r o b a b l e ,  no 
q u a n t i t a t i v e  r e s u l t s  w e re ,  h o w ev er ,  r e p o r t e d .
Ц, CO N C L U SI ON  AND A FEW Q U E S T I O N S
The most i n t e r e s t i n g  r e s u l t  b r o u g h t  o u t  on t h i s  C o n fe ren c e  i n  
t h e  f i e l d  o f  m o d u la t io n  dynam ics i s  t h e  g e n e r a l  c h a r a c t e r  o f  N o r th -S o u th  
a s y m m e tr ie s ,  i . e .  t h e  f a c t  t h a t  i n  a lm o s t  a l l  c a s e s  when t h e  e q u i l i b r i u m  
o f  t h e  i n t e r p l a n e t a r y  s p a c e  i3  d i s t u r b e d ,  a  m arked  g r a d i e n t  p e rp e n d ic u la x '  
t o  th e  e c l i p t i c  p l a n e  i s  p r o d u c e d .  T here  i s  some i n d i c a t i o n  t h a t  t h i s  
h o ld s  n o t  on ly  i n  v i o l e n t  c a s e s  s u c h  as s h o c k  waves b u t  a l s o  i n  weak p e r  • 
t u r b a t i o n s  l i k e  t h o s e  g i v i n g  r i s e  t o  a  27 day wave.
A l o t  o f  i n t e r e s t i n g  q u e s t i o n s  a r i s e s .  F i r s t  o f  a l l :  I s  t h e  
e x t r a  g r a d i e n t  p e r p e n d i c u l a r  t o  t h e  e c l i p t i c  a  q u a s i  s t a t i c  one? There  
a r e  c a s e s  when th e  g r a d i e n t  ch an g es  i t s  d i r e c t i o n  i n  p e r i o d s  as  shoi’t  as 
a  few h o u r s .  One i s  i n c l i n e d  t o  t h i n k  o f  o s c i l l a t i o n s  a ro u n d  an e q u i ­
l i b r i u m  s t a t e .  I n  o t h e r  c a s e s  t h e  e x t r a  g r a d i e n t  f a d e s  o u t  g r a d u a l ly  as  
i f  t h e  o s c i l l a t i o n s  w ere damped v e ry  s t r o n g l y  g i v i n g  r i s e  t o  an  a p e r i ­
o d ic  c a s e .  What a r e  t h e  p h y s i c a l  c a u s e s  o f  t h i s  'lamping an d  why i t  i s  
l e s s  e f f e c t i v e  i n  some c a s e s  t h e n  i n  o t h e r s ?
F u r th e rm o re ,  a  g r e a t  d e a l  o f  i n f o r m a t i o n  can  be  o b ta in e d  by 
e x t e n d in g  th e  en e rg y  ra n g e  o f  t h e  i n v e s t i g a t i o n s  o f  dynam ic e f f e c t s .  A l­
low ing  f o r  a  v e ry  few  e x c e p t i o n s ,  a l l  p a p e r s  p r e s e n t e d  w ere  c o n c e rn e d  
w i th  p r im a ry  e n e r g i e s  o f  a  few  GeV, i . e .  m a in ly  n e u t r o n - m o n i t o r  e n e r g i e s .  
B oth  t h e  low energy  en d  / s a t e l l i t e  o b s e r v a t i o n s /  and  t h e  h ig h  en e rg y  end 
/u n d e rg r o u n d  o b s e r v a t i o n s /  o f  t h e  dynamic m o d u la t io n  s p e c t r u m  a r e  b u t  
v e ry  c r u d e l y  known. What i s  t h e  v a lu e  o f  t h e  N-3 a n i s o t r o p y  a t  v e ry  h ig h  
e n e r g i e s , say  100 GeV?
I n  a d d i t i o n  t o  th e  N-S a n i s o t r o p y ,  t h e  dynamic b e h a v io u r  o f  t h e  
g e n e r a l  a n i s o t r o p y  / i . e .  t h e  component l y i n g  w i t h i n  t h e  e c l i p t i c  p l a n e /
. needs  a  more d e t a i l e d  t h e o r e t i c a l  s t u d y .  About t h e s e  a n d  o t h e r  open q u e s ­
t i o n s  l i k e  th e  p ro b lem  o f  s h o r t  te rm  / l e s s  t h a n  one h o u r /  v a r i a t i o n s  we 
s h a l l  c e r t a i n l y  l e a r n  i n  t h e  c o u r s e  o f  th e  n e x t  C o n fe r e n c e s .
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in  c o n c l u s i o n ,  th e  a u t h o r  o f  t h i s  r a p p o r t e u r  p a p e r  w ishes  t o  
e x p r e s s  h i s  s i n c e r e  g r a t i t u d e  t o  t h e  O rg a n iz in g  Comm ittee o f  th e  1 2 th  
I n t e r n a t i o n a l  C o n fe re n c e  on Cosmic Hays f o r  t h e  k in d  i n v i t a t i o n  and  
f a c i l i t i e s  w h ich  h e l p e d  him t o  t a k e  p a r t  in  t h e  a c t i v i t i e s  o f  t h e  Con­
f e r e n c e  .
-  19  -
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